Background: Prosthetic joint infection (PJI) is one of the most challenging cases that confront modern orthopaedics. Two-stage revision, which is the standard of care for PJI, is the preferred mode of treatment for these infections. Aims and Objectives: To study the microbiological profile of prosthetic joint infections (PJI) in the hip and to assess the efficacy of a two stage revision surgery for PJI. We also aimed to study the sensitivity and specificity of ESR and CRP in the diagnosis of PJI. Materials and Methods: The microbiological profile, clinical and radiological outcomes of 22 patients who had a two-stage revision for PJI of the hip between 2013 and 2017 were retrospectively analysed. PJI was defined using the criteria provided by the International Consensus Statement on PJI 2013. Results: Staphylococcus aureus was found to be the most common organism in PJI. Debridement was successful in removing the organism in 74% of PJI. At the time of re-implantation (second stage), six joints grew organisms that were different from that isolated at the index debridement -coagulase-negative staphylococci (3cases) and enterococci (3cases). Other infection parameters for these patients were negative. None of the patients who had two-stage revision surgery had clinical evidence of reinfection or radiological evidence of loosening at a mean of 2-year follow-up. An ESR cut off of >30mm/hr had a sensitivity of 75% and specificity of 88% in predicting PJI. A CRP >10mg/L had a sensitivity of 75% and specificity of 69%. The sensitivity and specificity of using both ESR and CRP cut-offs in the diagnosis of infection were 57% and 94%, respectively. The positive predictive value was 94% and negative predictive value was 56%. Conclusion: The outcomes of the study justify a two-stage revision arthroplasty for PJI of the hip. The use of ESR and CRP as screening tests for the success of debridement has value -but should be interpreted with caution.
introduction
The incidence of deep infection associated with primary total hip arthroplasty (THA) and total knee arthroplasty (TKA) ranges from 0.3% to 2.9% (2, 3) and from 1% to 2%, respectively. [1] [2] [3] The risk of infection in revision surgeries ranges from 2.1% to 15%. [4] The annual utilisation rate of THA and TKA in India is around 70,000 joints per year with a projected growth rate of around 27% every year. Prosthetic joint infections (PJIs), therefore, play a significant role in determining the overall outcomes of both primary and revision arthroplasties in the future. Two-stage revision remains the standard of care for infected THA and TKA in most instances. [5] Single-stage revision is successful when the infection involves a THA rather than a TKA; the infection is not polymicrobial; the causative bacteria are Gram-positive, sensitive to the first-line antibiotics and patient factors are optimal (e.g., adequate soft tissue and bone stock, no immunosuppression or significant comorbidities). [6, 7] Table 1 summarizes the diagnostic criteria for PJI's recommended by the International consensus meeting on prosthetic joint infections in 2013. [8] [9] [10] [11] In this study, we reviewed the patients who had two-stage revision arthroplasty of the hip. This study aimed to profile the microbial flora seen in PJIs -both at the time of the first presentation for the first-stage debridement, as well as at the time of the revision surgery when the final implant was inserted. The aim was to assess the usefulness of C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) in predicting the success of the second revision surgery. In addition, we audited the success of treatment of two-stage revision arthroplasty performed.
mAteriAls And metHods
We reviewed the hospital database to identify patients who underwent two-stage revision hip arthroplasty in our unit. All patients who presented with PJI from 2013 to 2017 were included in the study. Patients who underwent a single-stage revision or those who stopped with the first-stage debridement were excluded. Twenty-two patients who had revision hip arthroplasty fulfilled the inclusion criteria [ Figure 1 ].
The patients were diagnosed to have a prosthetic infection based on the criteria as defined by the International Consensus Meeting on PJI [ Table 1 ]. Any patient with one major criterion or 3 out of 5 minor criteria was considered positive for prosthetic infection. The two major criteria were (a) a sinus tract communicating with the prosthesis and (b) a pathogen is isolated by culture from two separate tissues or fluid samples obtained from the affected prosthetic joint. Minor criteria included (a) elevated serum ESR (30 mm/h) or CRP levels (10 mg/L), (b) elevated synovial fluid white blood cell count (>3000 cells/µL), (c) elevated synovial neutrophils' percentage (80%), (d) isolation of a microorganism in one culture of periprosthetic tissue or fluid and (e) >5 neutrophils per high-power field in five high-power fields observed for histologic analysis of periprosthetic tissue at ×400 magnification.
The consensus group also stated that PJI might be present without meeting these criteria, specifically in the case of less virulent organisms (e.g., Propionibacterium acnes). Thus, the clinicians are urged to exercise their judgement and clinical acumen in reaching the diagnosis of PJI. [12, 13] All patients had ESR and CRP assessed before both stages of revision. All had an ultrasonographic screening to look for fluid to aspirate prior to surgery. Tissue from the surgical site was sent for histopathological examination at the time of surgery, and the role of histopathological examination (>5 polymorphs/high-power field) was studied. Frozen section was done in 19 of the 22 patients prior to the second-stage reimplantation. Only 2 of the 19 patients had >5 neutrophils/high-power field. The two were clinically found to be free of infection, and cultures were negative; hence, it was decided to proceed with revision total hip replacement. Seven patients had fluid aspirated prior to the second stage, whereas the rest had no fluid on ultrasonographic screening and hence not aspirated. The microbiological profile of the organisms cultured from the tissue was assessed. Cultures were taken from at least five areas at the time of the surgery for both the stages.
Following the first-stage debridement, all patients were treated with appropriate antibiotics for 6-week intravenous where possible. Where oral equivalents were available, it was changed to oral drugs after 3 weeks of intravenous drugs. If the culture at the second surgery, i.e., at the time of replantation, was positive, the patient was given appropriate antibiotics for 6 weeks; and if it was negative, he/she was given antibiotics only for 10 days post-operatively, based on the first culture report.
Patients were followed up with X-rays at each visit to look for any loosening and clinically assessed for any signs of infection or increased pain. A good clinicoradiological outcome was defined as the absence of loosening of the implant and no recurrence of infection. For the purpose of statistics, all patients taken up for the first stage of revision arthroplasty were considered infected, whereas patients with a positive culture at the second stage were considered potentially infected, despite ESR, CRP and fluid counts being normal.
results
From 2013 to 2017, 22 patients underwent two-stage revision hip arthroplasty. The median age of the patients was 48 years (range: 20-83 years). Of these, 21 were male and 1 was female. All cases of periprosthetic-infected joints operated on, had their primary surgery done elsewhere. The mean period between the first-and second-stage debridement was 9 months (range: 3-29). The mean follow-up after the second stage was 30 months (range: 14-70 months, standard deviation (SD±14)). Two patients had well-controlled diabetes Figure 2 ]. The sensitivity of ESR in predicting infection was 75%, specificity was 88%, positive predictive value of 91% and negative predictive value of 67% [ Table 2 ].
The median CRP prior to the first-stage debridement was 18 mg/L (IQR: R 7-47). The median CRP at the time of reimplantation was 5 mg/L (IQR: 3-11). The CRP was >10 mg/L , the cut-off for the diagnosis of infected joint, in 18 (82%) of the cases prior to the first stage. It was noted that CRP has decreased in 21 patients (96%), and it had increased only in one patient following the first-stage debridement [ Figure 2 ]. CRP had a sensitivity of 75%, specificity of 69%, positive predictive value of 81% and negative predictive value of 61% in predicting infection. When patients with both ESR >30 mm at 1 h and CRP >10 mg/L were considered as a cut-off for infection, the combination was found to have a sensitivity of 57%, specificity of 93.8%, positive predictive value of 94.1% and negative predictive value of 55.6% in predicting infection [ Table 2 ].
The bacteriological profile
Prior to the first-stage debridement, 14 (64%) had positive cultures from the joint. If the aspirate did not yield any fluid, the tissue was sent from the joint at the time of debridement. The bacteriological profile of the organisms at the first-stage of revision is seen in Figure 3 . The most common organism at the first-stage revision was Staphylococcus aureus (four cases).
Only one of the patients who grew S. aureus was methicillin resistant, whereas all other strains were methicillin sensitive. Two of the infections were polymicrobial comprising Gram-negative bacilli, Klebsiella spp., Escherichia coli and Pseudomonas aeruginosa. One of these two patients achieved complete eradication of infection by the second stage, whereas the others had enterococci growth at the final cultures. Eight patients had no growth on culture but had three other minor criteria or perioperative findings necessitating a two-stage revision. Tissue for the culture was sent from the operated site in all patients. The most common organisms isolated from cultures at the second stage were coagulase-negative Staphylococcus spp. (3 cases) and enterococci (3 cases). All the isolated strains of coagulase-negative staphylococci were susceptible to teicoplanin but resistant to oxacillin and erythromycin. Of the eight patients who had a negative culture at the first stage, two turned positive at the second stage. One grew coagulase-negative Staphylococcus spp. and the others grew enterococci. Overall, only 6 out of 22 patients had a positive culture at the second-stage replantation. None of the 6 had any other minor criteria other than a single-positive culture. Enterococci (n = 3) and coagulase-negative Staphylococcus (n = 3) were the organisms identified.
All patients with positive cultures at the second stage were continued on antibiotics for 6 weeks as per sensitivity pattern. All patients with positive cultures have been followed up for a mean of 32 months (SD±10.4, range: 16-49 months). None had a poor clincoradiological outcome as assessed by the absence of pain and absence of loosening in the follow-up X-rays. None of the patients had a recurrence of infection or worsening of the clinical status.
discussion
THA achieves durable pain relief and restoration of function in most patients with arthritis of the hip, but infection does occur in a small percentage of these patients and remains one of the most devastating complications of THA. Treatment of infection poses an increased risk to the patient as well as increased resource use and institutional cost. Two-stage treatment of infected THA with high-dose antibiotic-laden cement spacers before reimplantation is commonly performed with infection control rates often better than 80%. [9, 10] This study outlines our experience in our unit with 22 patients. About 27% (6/22) of the patients had positive cultures at the end of the second stage. None of them had any other minor criteria that classified them as infected.
As the cultures were reported only after the second-stage replantation, these patients were treated with 6 weeks of appropriate intravenous antibiotics. They continued to do well with no recurrence of infection or sinus with a mean follow-up of over 2 years.
S. aureus was the main organism isolated in primary cultures, and this is in keeping with the international studies. [14, 15] This is possibly due to the biofilm-forming capabilities of these organisms. Many studies report increased difficulties in eradicating multi-resistant organisms. A two-stage revision is still recommended for these patients. [16] Higher morbidity and mortality is also associated with these patients. [7, 17] In this study, ESR and CRP did seem to be useful in predicting the absence of infection, especially at the second stage. The specificity and positive predictive value of the combined ESR and CRP with cut-offs at 30 mm/hr at 1 h and 10 mg/L, respectively, were found to be 94%; highlighting the fact that they are extremely useful in confirming the absence of infection. Not all investigators concur in the value of ESR and CRP prior to the second stage. Parvizi et al. opined that there is little value in checking ESR and CRP prior to the second stage. Lindsey et al., however, reported a better predictive value with a combination of ESR and CRP at the second stage, though a definitive cut-off value could not be identified. Although the negative predictive value of ESR and CRP was moderate, it should be noted that there was a decrease in the ESR values in 77% and CRP values in 96% of the cases, following the first-stage debridement.
The use of an aspiration prior to the second stage could not be assessed in this study, as very few of the patients had fluid in the joint that could be removed for testing at the time of the second stage. Hence, the value of assessing the polymorphs percentage and number of polymorphs/mm 3 in the aspirate could not be assessed. Hence, the criteria used to diagnose infection at the second stage need to be revisited. While fluid aspiration does not seem to play a role, a frozen section could probably have a larger role to play in predicting the absence of microbes at the second-stage surgery.
conclusion
In conclusion, two-stage revision arthroplasty in infected joints has a good outcome. In 74% of the infected joints, the debridement yielded a culture-negative surgical field where the implant could be inserted at the second stage. Despite their limitations, serum ESR and CRP may have utility as 'rule-out' tests in the interim period between stages of a two-stage revision. More information from larger studies is needed to identify optimal cut-off values. A lowering of these values too may have a significant role in clinical decision-making. Till more evidence to the contrary is available, we continue to recommend ultrasonography screening of the joint to look for fluid for aspiration; and routine frozen section at the time of the revision implantation surgery.
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